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(54) PLANAR ELECTROMAGNETIC ACTUATOR 

(57) The present invention relates to a planar type 
electromagnetic actuator of two axis construction, hav- 
ing two movable plates (12 A, 12B) with pivotal supports 
at right angles to each other. 

A pair of static magnetic field generating devices (4, 5) 
are arranged facing each other on either side of the 
movable plates (12A, 12B), and aligned with one diago- 
nal direction of the movable plates (12A, 12B) so that a 
magnetic field acts on the movable plates (1 2A, 1 2B). A 
magnetic force due to the mutual action with a current 
flowing through drive coils (15A, 15B), acts on the mov- 
able plates (12 A, 1 2B), to thus drive the movable plates 
(12A, 12B). As a result, the number of components for 
the magnetic field generating devices can be reduced, 
the construction of the electromagnetic actuator simpli- 
fied, and construction costs reduced. 
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Description 
TECHNICAL FIELD 

The present invention relates to a planar type elec- 
tromagnetic actuator in which miniaturization has been 
realized through the use of semiconductor manufactur- 
ing technology, and in particular to a technique for 
reducing the cost of planar type electromagnetic actua- 
tors. 

BACKGROUND ART 

The present inventor has previously proposed a 
very small size planar type electromagnetic actuator 
which utilizes semiconductor technology. This device is 
suitable for example for a planar type mirror galvanom- 
eter (Japanese Patent Application Nos. 5-320524 and 
6-9824). 

A description of this planar type electromagnetic 
actuator is given below. 

The electromagnetic actuator comprises a silicon 
substrate on which is integrally formed a planar mova- 
ble portion, and an axial support portion of torsion bar 
construction for axially supporting the movable portion 
so as to be able to swing at a central location of the 
movable portion relative to the silicon substrate in a per- 
pendicular direction thereof. A planar coil of thin copper 
film, for generating a magnetic field by means of a cur- 
rent.-is provided on a peripheral upper surface of the 
movable portion. Moreover, permanent magnets serv- 
ing as static magnetic field generating devices forming a 
pair with each other, are provided at the periphery of the 
movable portion so that the static magnetic field gener- 
ated thereby ads on the planar coil portions located on 
the opposite sides of the movable portion which are par- 
allel with the axial direction of the axial support portion. 
With the abovementioned patent applications, pairs of 
permanent magnets are respectively located above and 
below the opposite side portions of the movable portion, 
the construction being such that the static magnetic 
fields generated between the pairs of permanent mag- 
nets intersect the drive coil in predetermined directions. 

Such an electromagnetic actuator is driven by 
passing a current through the planar coil. That is to say, 
a static magnetic field is formed by means of the perma- 
nent magnets on opposite sides of the movable portion 
in a direction so as to intersect the planar coil lying 
along the planar face of the movable portion. When a 
current flows in the planar coil positioned in this static 
magnetic field, a magnetic force acts in a direction 
according to Fleming's left hand rule for current, mag- 
netic flux density, and force, on the opposite sides of the 
movable portion in proportion to the current density and 
magnetic flux density of the planar coil, as represented 
by the following equation (1), so that the movable por- 
tion is rotated. 

F = i x B (1) 



where F is the magnetic force, i is the current flowing in 
the drive coil, and B is the magnetic flux density. 

On the other hand, the axial support portion is 
twisted with the rotation of the movable portion, produc- 

5 ing a spring reaction force, so that the movable portion 
rotates to a position where the magnetic force and the 
spring reaction force are in equilibrium. The angle of 
rotation of the moveable portion is proportional to the 
current flowing in the planar coil, and hence the rotation 

10 angle of the movable portion can be controlled by con- 
trolling the current flowing in the planar coil. 

Consequently, if for example a mirror is provided on 
a central surface of the movable portion, then the direc- 
tion of reflection of a laser beam incident on the mirror 

is in a plane perpendicular to the axis of the axial support 
portion, can be freely controlled. Hence the device can 
be used as a mirror galvanometer for carrying out laser 
beam scanning by cyclic operation to continuously 
change the mirror displacement angle. 

20 One such electromagnetic actuator, has a two axis 
construction with two axial support portions at right 
angles to each other. 

That is to say, the movable portion formed integral 
with the silicon substrate is made up of a frame like 

25 outer movable plate and a planar inner movable plate 
located within the frame of the outer movable plate. 
Moreover, the axial support portions comprise first tor- 
sion bars for axially supporting the outer movable plate, 
and a second torsion bars aligned perpendicular to the 

30 first torsion bars, for axially supporting the inner mova- 
ble plate relative to the outer movable plate. Moreover, 
respective drive coils are provided on the upper sur- 
faces of the outer and inner movable plates. 

With this arrangement, it is necessary for the 

35 respective static magnetic fields to act at right angles to 
each other, on the drive coil on the upper face of the 
outer movable plate and the drive coil on the upper face 
of the inner movable plate. 

Therefore, in the case of the electromagnetic actu- 

40 ator of the conventional two axis construction, the per- 
manent magnets for driving the outer movable plate and 
the permanent magnets for driving the inner movable 
plate are provided separate to each other. For example, 
as with the beforementioned patent application exam- 

45 pies where respective pairs of permanent magnets are 
located above and below the respective four sides of the 
movable portion, or permanent magnets are located at 
the four respective sides, the mutually opposing perma- 
nent magnets act in pairs to generate mutually per pen - 

so dicular magnetic fields relative to the movable portion. 
That is to say, with the conventional construction, at 
least four permanent magnets, in other words two pairs 
of static magnetic field generating devices, are required. 
The present invention takes into consideration the 

55 above situation with the object of providing an electro- 
magnetic actuator wherein the construction is simplified 
and manufacturing costs reduced, by having only one 
pair of static magnetic field generating devices for gen- 
erating static magnetic fields mutually perpendicular to 
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the movable portion. 
DISCLOSURE OF THE INVENTION 

Accordingly, the construction incorporates: a mova- 
ble portion comprising a frame like outer movable plate 
and an inner movable plate located within the outer 
movable plate, and an axial support portion comprising 
first torsion bars for axially supporting the outer movable 
plate so as to be able to swing, and second torsion bars 
aligned axially at right angles to the first torsion bars, for 
axially supporting the inner movable plate so as to be 
able to swing, integrally formed on a semiconductor 
substrate; drive coils provided on respective peripheral 
portions of the outer movable plate and inner movable 
plate; and static magnetic field generating devices for 
applying a static magnetic field to the drive coils, the 
construction being such that the movable portion is 
driven by a magnetic field produced by passing a cur- 
rent through the drive coils, and is characterized in that 
one pair of the static magnetic field generating devices 
are provided on one diagonal line of the movable por- 
tion with the movable portion therebetween. 

With such a construction a static magnetic field 
directed from one of the pair of static magnetic field gen- 
erating devices to the other, intersects the movable por- 
tion at an angle. Analyzing the vector component of the 
static magnetic field, then two mutually perpendicular 
static magnetic field components are obtained for the 
respective sides of the movable portion. Consequently, 
due to these two static magnetic field components, it is 
possible to have magnetic forces acting on the respec- 
tive outer and inner movable plates. 

Moreover, the construction may be such that the 
pair of static magnetic field generating devices are fixed 
to a yoke made from a magnetic body and located sur- 
rounding the movable portion. 

With such a construction, the ineffective component 
of static magnetic field which does not intersect the 
movable plates but instead leaks to the peripheral 
region of the static magnetic field generating devices, 
can be reduced, so that the efficiency of the static mag- 
netic field generating devices can be increased. 

Moreover, the pair of static magnetic field generat- 
ing means may be permanent magnets located with a 
north pole and south pole facing each other. 

With such an arrangement, the construction can be 
simplified compared to the case where electromagnets 
or the like are used. 

The permanent magnet may be rare earth type 
magnets. 

With such a construction, a greater magnetic field 
can be made to act, giving an increase in the magnetic 
force. 

A mirror galvanometer may be formed with a reflec- 
tive mirror on a central face of the inner movable plate of 
the movable portion. 

The basic construction of the mirror galvanometer 
may include; a movable portion incorporating the reflec- 



tive mirror, a scanner body provided with an axial sup- 
port portion and a drive coil, a yoke comprising a frame 
shape magnetic body surrounding the scanner body, 
and permanent magnets secured to the yoke and 
5 aligned with one diagonal direction of the scanner body 
with the scanner body therebetween, arranged on an 
insulation substrate, and a plurality of electrical terminal 
pins electrically connected to the drive coil and fitted to 
the insulation substrate. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a first embodiment 
of an electromagnetic actuator according to the 
15 present invention; 

FIG. 2 is an enlarged diagram of a scanner body of 
the embodiment; 

FIG. 3 is a diagram for explaining an operation of 
the embodiment; and 
20 FIG. 4 is a diagram for explaining the effect of a 
yoke; FIG. 4 (A) illustrating the magnetic field condi- 
tion for when there is no yoke, and FIG. 4 (B) illus- 
trating the magnetic field condition for when there is 
a yoke. 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention will now be 
described with reference to the drawings. 

30 FIG. 1 shows the construction of an embodiment of 
an electromagnetic actuator according to the present 
invention applied to a mirror galvanometer. 

In FIG. 1 , a mirror galvanometer 1 , being the elec- 
tromagnetic actuator of this embodiment, has a scanner 

35 body 10 with a movable portion and an axial support 
portion formed integrally on a semiconductor substrate 
such as a silicon substrate, positioned centrally on an 
insulation plate 2 and inclined at 45 degrees to the insu- 
lation plate 2 as shown in the figure. A frame like yoke 3 

40 made for example from a magnetic body such as pure 
iron, is provided on an upper peripheral face of the insu- 
lation plate 2. A pair of permanent magnets 4, 5 serving 
as static magnetic field generating devices, are pro- 
vided on the inside of two mutually facing sides of the 

45 yoke 3. With the permanent magnets 4, 5 the south and 
north poles face each other so that a static magnetic 
field is produced from one permanent magnet 4 (or 5) 
towards the other permanent magnet 5 (or 4), intersect- 
ing the scanner body 10. With this embodiment, the 

so static magnetic field is produced from the permanent 
magnet 4 towards the permanent magnet 5. 

Four connector pins 6a - 6d serving as electrical 
terminal pins, are fitted to the insulation plate 2. The 
respective connector pins 6a ~ 6d are electrically con- 

55 nected to four bonding pads 7a ~ 7d which are formed 
on the insulation plate 2. Respective planar coils 15A, 
15B of the scanner body 10 (to be described in detail 
later) are connected to the respective bonding pads 7a 
- 7d via conductors 8a ~ 8d. The construction is such 
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that for example the connector pins 6a, 6b and 6c, 6d 
are in respective pairs, with one as a positive pole and 
the other as a negative pole, and power is conducted via 
the connector pins 6a, 6b to the planar coil 15A of the 
outer movable plate 12A (to be described later), and via 
the connector pins 6c, 6d to the planar coil 15B of the 
inner movable plate 12B (to be described later). 

A description of the construction of the scanner 
body 10 will now be given with reference to FIG. 2. 

With the scanner body 10, a movable portion com- 
prising a frame like outer movable plate 12A and a pla- 
nar inner movable plate 12B, and an axial support 
portion comprising first torsion bars 13 A, 13A for axially 
supporting the outer movable plate 12 A, and second 
torsion bars 13B, 13B for axially supporting the inner 
movable plate 12B relative to the outer movable plate 
1 2A formed with their axes at right angles to each other, 
are integrally formed on a silicon substrate 1 1 by aniso- 
tropic etching. The thickness of the movable portion is 
made thin compared to the thickness of the silicon sub- 
strate 1 1 , so that the movable portion can swing about 
the axial support portion. 

A planar coil 15A (shown typically as a single line in 
FIG. 2) of for example a thin copper film serving as a 
drive coil, is formed using an electro-typing method or 
the like, on the upper face of the outer movable plate 
1 2A, and is electrically connected to a pair of outer elec- 
trode terminals 1 4A, 1 4A on the silicon substrate 1 1 , by 
way of one of the first torsion bars 13A, 13A. Moreover 
a planar coil 1 5B (shown typically as a single line in FIG. 
2) serving as a drive coil, is formed by the same method 
as for the planar coil 15A, on the upper face peripheral 
portion of the inner movable plate 12B, and is electri- 
cally connected to a pair of inner electrode terminals 
1 4B, 1 4B on the silicon substrate 1 1 , by way of the other 
of the first torsion bars 13A, 13A, passing from one of 
the second torsion bars 13B, 13B via the outer movable 
plate 12A portion. Moreover, a total reflection mirror 16 
made for example by aluminum vapor deposition, is 
formed on the upper face central portion of the inner 
movable plate 1 2B. The pair of outer electrode terminals 
14A, 14A, and inner electrode terminals 14B, 14B are 
formed similarly to the planar coils 1 5A, 1 5B, by an elec- 
tro-typing method or the like. 

A description of the operation of the electromag- 
netic actuator of this construction will now be given. 

The magnetic field produced by the permanent 
magnet 4 is directed towards the permanent magnet 5, 
intersecting the scanner body 10 on the insulation sub- 
strate 2. Analyzing the vector components of the mag- 
netic field, then as shown in FIG. 3, the magnetic field H 
has a transverse component magnetic field and a 
longitudinal component magnetic field H 2 intersecting at 
right angles to each other in the plane of the scanner 
body 10. In the case of the present embodiment, the 
transverse component magnetic field H 1 is aligned at 
right angles to the axial direction of the first torsion bars 
13A, 13A for axially supporting the outer movable plate 
12A, while the longitudinal component magnetic field H 2 



is aligned at right angles to the axial direction of the sec- 
ond torsion bars 13B, 13B for axially supporting the 
inner movable plate 12B. 

As a result, if a current is passed via the connector 

s pins 6a, 6b, through the planar coil 15A of the outer 
movable plate 12 A, then a magnetic force F according 
to equation (1) is generated by the effect of the current 
and the transverse component magnetic field H 1t to 
thus drive the outer movable plate 12 A. Moreover, in a 

io similar manner, if a current is passed via the connector 
pins 6c, 6d, through the planar coil 15B of the inner 
movable plate 12B, then a magnetic force F according 
to equation (1) is generated by the effect of the current 
and the transverse component magnetic field H 2 , to 

is thus drive the inner movable plate 12B. 

Consequently, the outer movable plate 12A and the 
inner movable plate 12B can be driven with only one 
pair of permanent magnets 4, 5, and hence there is no 
need to provide separate permanent magnets for 

so respectively driving the outer movable plate and the 
inner movable plate, as with the conventional arrange- 
ment. Therefore, the number of components for the 
electromagnetic actuator can be reduced and the con- 
struction simplified, and hence the manufacturing costs 

25 for the electromagnetic actuator can be reduced. 

Moreover due to the provision of the yoke 3, the effi- 
ciency of the magnetic field produced by the permanent 
magnets 4, 5 can be increased so that a large magnetic 
force can be obtained. 

30 That is to say, as shown in FIG. 4 (A), there is an 
ineffective magnetic field at the peripheries of the per- 
manent magnets 4 and 5 as shown by the dotted line, 
which does not intersect the scanner body 10 and thus 
has no relation to movement of the movable portion. 

35 However, by providing the yoke 3, then as shown in FIG. 
4 (B), the ineffective magnetic field can be guided to the 
other permanent magnet as an effective magnetic field 
H. Hence the amount of ineffective magnetic field can 
be reduced, and the effective magnetic field shown by 

40 the full lines in the figure, which intersects the scanner 
body 1 0 and thus contributes to the drive of the movable 
portion, increased. Consequently, in the case where 
permanent magnets of the same properties are used, 
then by providing the yoke 3, the efficiency of the per- 

45 manent magnets can be increased compared to when 
the yoke is not provided, so that a large magnetic force 
can be obtained. 

An electromagnet may also be used for the static 
magnetic field generating device. However with an elec- 

50 tromagnet. electrical wiring is required. Hence the con- 
struction using the permanent magnets as with the 
present embodiment, is simpler and thus more desira- 
ble. Furthermore, in particular, by using a rare earth 
type magnet, a large magnetic field H can be obtained, 

55 and the magnetic force thus increased. 

The example given for the present embodiment, 
has been for an electromagnetic actuator applied to a 
planar type mirror galvanometer. However, the invention 
is not limited to this. 
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With the present embodiment as described above, 
since the pair of static magnetic field generating devices 
are provided aligned with the diagonal direction of the 
movable portion which has two movable plates axially 
supported at right angles to each other, then the two 
movable plates can be driven with only one pair of static 
magnetic field generating devices. The number of com- 
ponents for the electromagnetic actuator can thus be 
reduced and the construction simplified, and hence the 
manufacturing costs for the electromagnetic actuator 
can be greatly reduced. Moreover, since a yoke is pro- 
vided, then the efficiency of the static magnetic field 
generating devices can be increased, and hence the 
drive force for the movable portion thus increased. 

INDUSTRIAL APPLICABILITY 



10 



15 



The present invention enables a simplification and 
reduction in cost of instruments which incorporate very 
small size planar type electromagnetic actuators, and 20 
hence industrial applicability is considerable. 



type magnets. 

A electromagnetic actuator according to claim 1, in 
the form of a mirror galvanometer incorporating a 
reflective mirror on a central face of the inner mov- 
able plate of said movable portion. 

A electromagnetic actuator according to claim 5, 
wherein said mirror galvanometer has; a movable 
portion incorporating said reflective mirror, a scan- 
ner body provided with an axial support portion and 
a drive coil, a yoke comprising a frame shape mag- 
netic body surrounding said scanner body, and per- 
manent magnets secured to said yoke and aligned 
with one diagonal direction of said scanner body 
with said scanner body therebetween arranged on 
an insulation substrate, and wherein a plurality of 
electrical terminal pins electrically connected to 
said drive coil are fitted to said insulation substrate. 



Claims 



1 . A planar type electromagnetic actuator incorporat- 
ing: a movable portion comprising a frame like outer 
movable plate and an inner movable plate located 
within said outer movable plate, and an axial sup- 
port portion comprising first torsion bars for axially 
supporting said outer movable plate so as to be 
able to swing, and second torsion bars aligned axi- 
ally at right angles to said first torsion bars, for axi- 
ally supporting said inner movable plate so as to be 
able to swing, integrally formed on a semiconductor 
substrate; drive coils provided on respective periph- 
eral portions of said outer movable plate and inner 
movable plate; and static magnetic field generating 
means for applying a static magnetic field to said 
drive coils, the construction being such that said 
movable portion is driven by a magnetic field pro- 
duced by passing a current through said drive coils, 
characterized in that one pair of said static mag- 
netic field generating means are provided on one 
diagonal line of said movable portion with said mov- 
able portion therebetween. 
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35 



40 



45 



A planar type electromagnetic actuator according to 
claim 1 , wherein said pair of static magnetic field 
generating means are fixed to a yoke made from a 
magnetic body and located surrounding said mova- 
ble portion. 



50 



A planar type electromagnetic actuator according to 
claim 1, wherein said pair of static magnetic field 
generating means are permanent magnets located 55 
with a north pole and south pole facing each other. 

A electromagnetic actuator according to claim 3, 
wherein said permanent magnets are rare earth 
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